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VARIABLE POSITION CATALYST 

TECHNICAL FIELD 

[0001] The present invention refers to a variable position catalyst, an internal 
combustion engine having such a variable position catalyst and a method for controlling 
a variable position catalyst incorporated in an internal combustion engine. 

BACKGROUND 

[0002] The introduction of a turbocharger into an internal combustion engine 
equipped with a catalyst is known. The turbocharger is driven by the exhaust gas 
coming from the engine and compresses air to be supplied to the engine so as to supply 
the engine with an increased amount of oxygen which results in generation of more 
power. As a result, the turbocharger consumes heat from the exhaust gas. 

[0003] On the one hand, the catalyst is disposed in the exhaust line of the engine 
at a position downstream of the turbocharger and is arranged there so as to absorb 
emissions of the exhaust gas. Such a catalyst may for example be an oxidation catalyst 
which for the reduction of NOx and the oxidation of HC and CO requires a certain 
temperature level for working reliably. This means, that a certain period of time is 
needed from the beginning of the start of the engine until the exhaust gas has provided 
enough heat to warm-up the catalyst. 

[0004] However, since the turbocharger is arranged in the exhaust line upstream 
of the catalyst and reduces the temperature of the exhaust gas, the warming-up of the 
catalyst may be delayed resulting in an extended period of time in which the catalyst 
does not work properly and in which an exhaust gas having a higher level of emissions 
is discharged to the environment (cold-start emissions). 

[0005] To cope with this problem it has been proposed to arrange a pre-catalyst 
at the upstream side of the turbocharger. This position provides the pre-catalyst with a 
faster light-off performance which results in a decrease of the cold-start emissions. 



[0006] There is a need to provide an improved pre-catalyst for an internal 
combustion engine having a turbocharger. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] In the following description, further technical solutions are described in 
detail with reference being made to the enclosed drawings, in which: 

[0008] Fig. 1 is a sectional view of the variable position catalyst according to an 
embodiment of the invention, wherein a catalyst body is in an active, catalyst position; 
and 

[0009] Fig. 2 is a sectional view of the variable position catalyst of Fig. 1 , wherein 
the catalyst body is in an inactive catalyst position. 

DETAILED DESCRIPTION 

[0010] In an exemplary embodiment of the invention, a variable position catalyst 
includes a catalyst housing accommodating a catalyst body, and an actuator member 
for moving the catalyst body with respect to the catalyst housing such that the catalyst 
body can be moved to an active catalyst position or to an inactive catalyst position. With 
such a[[n]] catalyst structure it is possible to bring the catalyst in an appropriate position 
according to the state of an internal combustion engine. 

[0011] According to exemplary embodiments, the active catalyst position may be 
exposed to an exhaust gas stream of an engine. Furthermore, at least the inactive 
catalyst position may be provided within the catalyst housing. As a result, the catalyst 
body may be exposed to an exhaust gas flowing at the active catalyst position at a 
warming-up period of the engine and may be retracted to the inactive catalyst position in 
which the catalyst does not disturb the exhaust stream, and/or is not exposed to a 
substantial amount of the exhaust stream, when the engine is warmed up. This brings 
the advantageous effect that emissions in the exhaust gas can be absorbed at an cold 
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start period of the engine. Furthermore, when the catalyst body is retracted from the 
exhaust gas, the gas stream to a turbocharger will not be disturbed, or will be 
substantially less disturbed than when the catalyst is in the active position. 

[0012] Furthermore, the catalyst body may be held by a cradle connected to the 
actuator member by an actuator rod. Additionally, the catalyst housing may have a 
cylindrical inner shape and the cradle may have a cylindrical outer shape, the inner 
diameter of the housing fitting to the outer diameter of the cradle. This ensures a good 
guiding performance of the catalyst body and the cradle itself advantageously adapts 
the shape of the catalyst body to the shape of the catalyst housing, which both are 
formed according to different requirements. 

[0013] The cradle may also include two disc-shaped plates between which the 
catalyst body is held. Thus, the catalyst body may be held stably between the plates 
while allowing a good accessibility of the exhaust gas to the catalyst body. 

[0014] The actuator member may be a pneumatic device. Alternatively, the 
actuator member maybe an electric device. As a result, the variable position catalyst 
may beneficially be actuated by a means which is appropriate to different application 
areas. 

[0015] Furthermore, the actuator rod may move the catalyst body to the active 
catalyst position when the actuator is actuated, and may move the catalyst body to the 
inactive catalyst position when the actuator is released. Thus, an actuation is only 
necessary during the cold-start period while the actuator may remain released for the 
major part of a long-range route of a vehicle, or when the vehicle is off. 

[0016] The catalyst body, the catalyst housing and the actuator member may 
include one common axis along which the catalyst body is movable. Since the actuator 
member may be located outside the catalyst housing, and the actuator rod may 
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penetrate the catalyst housing along the common axis, an easy assembly of the 
components of the variable position catalyst can be reached. 

[0017] Additionally, the cradle may include a leading edge which is always in 
contact with a portion of the catalyst housing providing the inactive position. This 
improves the guiding performance of the cradle while moving the same between the 
active and the inactive catalyst position. 

[0018] The variable position catalyst may be provided upstream of a turbocharger 
of an engine. Thus, the variable, position catalyst may advantageously advance the 
warm-up of the turbocharger when disposed in its active position while additionally 
reducing cold-start emissions of the exhaust gas. Furthermore, the variable position 
catalyst advantageously does not disturb the exhaust stream to the turbocharger when 
disposed in its inactive position after the engine and a common catalyst downstream the 
turbocharger have reached their working temperatures. 

[0019] According to a further exemplary embodiment, in an internal combustion 
engine an exhaust gas of the engine may be passed through an exhaust gas passage. 
The combustion engine may further include a variable position catalyst as described 
above and a turbocharger disposed downstream the variable position catalyst. Thus, 
the above described advantages can be obtained for an internal combustion engine. 

[0020] According to a further exemplary embodiment, a method for controlling a 
variable position catalyst incorporated into a combustion engine as described above 
may be provided, wherein the catalyst body may be moved to the active catalyst 
position when the engine is in a predetermined first operation state, and the catalyst 
body may be moved to the inactive catalyst position when the engine is in a 
predetermined second operation state. Furthermore, the first and the second operation 
state of the engine may be dependent at least on the temperature of the engine. This 
makes it possible to control the variable position catalyst in the above described 
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manner, so as to advantageously reduce cold-start emissions while minimizing the 
performance drop of the turbocharger. 

[0021] As mentioned: 

[0022] Fig. 1 is a sectional view of the variable position catalyst according to an 
embodiment of the invention, wherein a catalyst body is in an active, catalyst position; 
and 

[0023] Fig. 2 is a sectional view of the variable position catalyst of Fig. 1 , wherein 
the catalyst body is in an inactive catalyst position. 

[0024] A variable position catalyst according to the embodiment shown in Fig. 1 
substantially includes a catalyst holding structure (cradle) 5, a catalyst actuating 
structure 6, and a catalyst housing 7. The catalyst, actuating structure 6 can be 
actuated so as to move the catalyst holding structure 5 from the catalyst housing 7 to an 
active catalyst position in which a catalyst body 1 held by the catalyst holding structure 
5 is exerted to an exhaust stream flowing in an exhaust passage 8. Alternatively, the 
catalyst actuating structure 6 can be actuated so as to move the catalyst holding 
structure 5 back to the catalyst housing 7. The catalyst body 1 is a miniature catalyst of 
approximately 24 cc which due to its small size provides the characteristic of a fast light- 
off. Thus, cold-start emissions can be absorbed at an early stage. 

[0025] The catalyst holding structure 5 is formed of stainless-steel and includes 
two disk-shaped plates 2, 3 having equal contours and being arranged coaxially at a 
certain distance so as to hold the catalyst body 1 therebetween. The plates 2, 3 are 
connected to each other via two thin walled posts 4 bended to match the curvature of 
the outer circumference of the plates 2,3. The posts 4 are arranged substantially parallel 
to each other and to the direction of the exhaust stream. Two threaded pins 27 axially 
protrude from the side of the plate 3 which faces the catalyst housing 7. 
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[0026] The catalyst actuating structure 6 includes a pneumatic actuator 9 
operatively connected with a rod 10. A diaphragm 40 is disposed between two half 
shells 41 , 42 of the pneumatic actuator 9 so as to create a chamber 1 1 of a variable 
volume. The pneumatic actuator 9 is set onto a table-like supporting structure having 
three legs 22 for mounting the actuator 9 to the catalyst housing 7. 

[0027] A spring 1 2 is disposed inside the chamber 1 1 for urging the diaphragm 
40 to a position of the maximum volume of the chamber 1 1 . A negative pressure can be 
applied to the chamber 11 so as to urge the diaphragm 40 against the force of the 
spring 1 2 to a position of a smaller volume of the chamber 1 1 . When the negative 
pressure in the chamber 1 1 is-released, the diaphragm 40 and thus the rod 10 are 
moved to their original position by the force of the spring 12. 

[0028] The catalyst housing 7 provides a cylindrical catalyst chamber 14 having 
an inner diameter matching to the outer diameter of the disk-shaped plates 2, 3. The 
catalyst chamber 7 is dimensioned such as to be able to fully accommodate the catalyst 
holding structure 5. The catalyst chamber 14 is fully opened to an exhaust stream side 
and has a small diameter bore 23 to the actuator side. Thus, when the catalyst holding 
structure 5 is fully accommodated in the catalyst chamber 7, the outer surface of the 
disk-shaped plate 2 is in alignment with the inner wall of the exhaust passage 8 so as 
not to disturb the exhaust stream. Furthermore, a radially extending bulge 15 is formed 
at the outside of the catalyst housing 7 and surrounds the catalyst chamber 14 at an 
axial middle portion thereof. 

[0029] Four bosses 1 6 are dispersed over the circumference of the bulge 1 5 of 
the catalyst housing 7 at equal intervals and are provided with bores 17 axially 
penetrating the bosses 16 so as to be able to receive bolts 18. Additionally, three axially 
extending column-shaped projections 19 protrude from the bulge 15 to the actuator side 
of the catalyst housing 7. The column-shaped projections 19 are provided with threaded 
blind holes 21 so as to receive bolts 20. The actuator 9 is mounted to the catalyst 
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housing 7 by screwing the legs 22 to the column-shaped projections 19 by means of the 
bolts 20. 

[0030] A mounting element 13 is provided as a linkage of the catalyst holding 
structure 5 to the actuator 9. The mounting, element 13 is substantially disk-shaped and 
provides an outer diameter matching to the inner diameter of the catalyst chamber 14. 
The mounting element 13 is substantially constituted by a leading portion 13a, a ring 
portion 13b, a transition portion 13c and a tubular portion 13d. 

[0031] The leading portion 1 3a is disposed at the outer circumference of the 
mounting element and extends axially towards the actuator side of the catalyst housing 
7. The ring portion 13b extends radially inward from the leading portion 13a to the 
transition portion 13c which is offset towards the actuator side of the catalyst housing 7 
with respect to the ring portion 13a. Finally, the innermost portion of the mounting 
element 13 is the tubular portion 13d which is axially extending to the actuator side 
along a relative long distance. The ring portion 13b is provided with through holes 28 for 
receiving the threaded pins 27 of the catalyst holding structure 5. 

[0032] For assembling the structure, the mounting element 1 3 is slid over the rod 
10 until it abuts against a stopper 24 of the rod 10, and is subsequently fixed thereto by 
means of a nut 25 screwed to a thread formed at the end of the rod 1 0 opposed to the 
stopper 24. Then, the catalyst holding structure 5 is fixed to the mounting element 13 by 
inserting the dowel pins 27 into the through holes 28 of the ring portion 13b and 
tightening the same by means of nuts 29. In this way, the catalyst holding structure 5 is 
fixed to the mounting element 13 having the rod 10 extending through its tubular portion 
13c and projecting therefrom. 

[0033] The thus assembled structure of the catalyst holding structure 5, the 
mounting element 13 and the rod 10 can be inserted into the catalyst chamber 14 with 
the rod 10 and the tubular portion 13c passing through the through hole 23 so as to 
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couple the rod 10 to the actuator 9. As a result, the variable position catalyst is 
established. 

[0034] Now, the integration of the variable position catalyst into the exhaust line 
of the engine having a turbochargers explained. 

[0035] A connector element 39 constitutes a part of an exhaust piping lying 
upstream of the turbocharger. The shape of the connector element 39 is on the one 
hand determined by an active catalyst portion 35 having a cylindrical inner shape so as 
to receive the catalyst holding structure 5, and is on the other hand determined by an 
exhaust gas passage portion 34 connecting an inlet 45 and an outlet 36 of the 
connector element 39. Therein, the axis of the active catalyst portion 35 is coaxial to the 
axis of the catalyst chamber 14 but is perpendicular to the axis of the exhaust gas 
passage portion 34. In other words, the shape of the connector element 39 is the 
encasement of the set union of the exhaust gas passage portion 34 and the catalyst 
portion 35. 

[0036] The cross-sectional progress of the exhaust gas passage 34 from the inlet 
45 to the outlet 36 follows the transition from the inlet 45 cross-section via the cross- 
section of the active catalyst portion 35 to the outlet 36 cross-section. These cross 
sections are different due to pressure requirements and the different shapes of the 
components. 

[0037] Additionally, the connector element 39 is equipped with a connecting 
portion .33 for connecting the variable position catalyst to the connector element 39. 
The connecting portion 33 provides an opening having the same diameter like the active 
catalyst portion 35, and a bulge 37 around the opening which is radially offset with 
respect to the opening. The offset amount of the bulge 37 corresponds to the wall 
thickness of the catalyst housing 7 such that the latter can be inserted into the inner of 
the bulge 37 while the inner surface of the catalyst housing 7 is in alignment with the 
inner rim of the opening. 
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[0038] Furthermore, the bulge 37 is provided with bosses 38 having bores with 
inner threads. The bosses 38 are dispersed such over the bulge 37 that the bores of the 
bosses 38 are alignable with the bores of the bosses 17 when the catalyst housing 7 is 
inserted into the bulge 37 of the connecting portion 33. Thus, the variable position 
catalyst can be tightly fitted to the connector element 8 by means of screws 18 screwed 
through the bosses 17 into the bosses 38. Additionally, a sealing means may be 
disposed between the connecting portion 33 and the catalyst housing 7. 

[0039] The connector element 39 is integrateable into the exhaust line via flanges 
31 , 32 disposed at the inlet 45 and the outlet 36 of the passage 34, respectively, by 
means of common connection techniques. 

[0040] As a result, with the assembled structure of the variable position catalyst 
connected to the exhaust gas passage of the engine, the catalyst body 1 can be 
actuated by means of the actuator 9 such that catalyst body 1 is exposed to the exhaust 
gas stream flowing in the active catalyst portion or is retracted into the catalyst chamber 
14 of the catalyst housing 7 where the catalyst body 1 is not active. 

[0041] During the operation of the variable position catalyst, the leading edge 13a 
of the mounting element 13 is always in contact with the inner surface of the catalyst 
chamber 14 such that the catalyst holding structure 5 holding the catalyst body 1 is 
stably guided in its movement. When the catalyst body 1 is in the active catalyst 
position, i.e. disposed in the active catalyst portion, a fast light-off-of the relative small 
catalyst body 1 is achieved, thus providing a conversion of the exhaust content and 
limiting emissions as desired. Additionally, the turbine of the turbocharger and .the 
conventional catalyst mounted downstream the turbocharger will be heated up such that 
they will earlier reach their full performance state. 

[0042] At an appropriate time point, e.g. when the conventional catalyst has 
reached a temperature for working properly, the catalyst body 1 is withdrawn from the 
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exhaust stream into the catalyst chamber 14 such that the exhaust stream to the 
turbocharger is not anymore disturbed by the catalyst holding structure 5. 

[0043] The invention is not restricted to the above described embodiment and 
can be changed in various modifications. 

[0044] For example, the number of bosses for fixing the variable position catalyst 
to the connector element or a .hydraulic actuator may be varied according to various 
requirements. 

[0045] Additionally, the actuator is not limited to a pneumatic actuator and an 
electrical actuator may be used as well. 

[0046] Furthermore, the variable position catalyst may also be formed such that 
both the active and the inactive catalyst position are disposed inside the catalyst 
housing. In this case, the exhaust piping would be interrupted and both ends thereof 
would be connected to respective connecting portions, of the catalyst housing. 
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